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SUMMARY  PAGE 


THE  PROBLEM 

Dental  diseases,  including  periodontal  disease,  have  at  times  proved  to 
be  vexacious  health  problems  on  submarine  patrols.  Dental  calculus  is 
thought  to  play  a  role  in  periodontal  disease.  Little  is  known  about  the  oral 
factors  on  patrol  which  may  influence  the  calculus  rate.  Past  studies  indi¬ 
cate  that  the  salivary  pH  may  have  a  role  in  this  formation.  A  knowledge 
of  oral  pH  changes  on  patrol  was  needed  to  help  understand  the  dental  cal¬ 
culus  formation  rate. 


FINDINGS 

Of  the  25  crewmen  tested,  19  had  elevations  of  pH  on  patrol  which 
were  statistically  significant  when  compared  with  the  pre-patrol  values. 
The  t-test  was  used  for  comparison. 


APPLICATIONS 

The  fact  that  salivary  pH  is  increased  in  an  atmosphere  where  the 
proportion  of  carbon  dioxide  is  higher  than  in  normal  air  should  direct 
more  studies  toward  correlating  this  factor  with  other  salivary  components 
and  calculus  formation  rates. 
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ABSTRACT 


Dental  diseases,  including  periodontal  disease,  at  times  become  vexa- 
cious  health  problems  on  submarine  patrols.  Dental  calculus  is  thought  to 
play  a  role  in  periodontal  disease.  Little  is  known  about  the  oral  factor  on 
patrol  which  may  influence  the  calculus  formation  rate.  Past  studies  indi¬ 
cate  that  the  salivary  pH  may  have  a  role  in  this  formation.  The  saliva 
from  the  anterior  sublingual  pool  of  25  crew  members  of  a  Polaris  subma¬ 
rine  was  collected  on  each  of  six  successive  days  before  patrol  and  on  the 
31st  through  the  36th  days  of  patrol.  Of  the  25  men  tested,  19  had  pH 
elevations  on  patrol  which  were  statistically  significant  when  compared 
with  the  pre-patrol  values.  It  is  concluded  that  on  patrol  changes  do  occur 
in  salivary  characteristics  which  are  worth  further  study  in  examining 
salivary  component  and  calculus  relationships. 
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SALIVARY  ACID-BASE  LEVELS  DURING  EXPOSURE  TO  AN 
ELEVATED  CARBON  DIOXIDE  ATMOSPHERE 


INTRODUCTION 

The  role  of  dental  calculus  in  periodontal 
disease  has  been  the  subject  of  some  contro¬ 
versy.  The  mechanical  irritating  effect  of 
calculus  on  the  soft  tissue  has  often  been 
cited  in  dental  textbooks.1  The  injurious  ef¬ 
fect  of  calculus  may  be  in  the  roughened  sur¬ 
face  it  provides  for  the  accumulation  of  harm¬ 
ful  bacterial  plaque.2  Regardless  of  the  pre¬ 
cise  mechanisms  of  its  action,  the  relation¬ 
ship  between  dental  calculus  and  periodontal 
disease  has  long  been  a  matter  of  record.3-4-5 

There  are  several  ideas  concerning  the 
mechanisms  of  calculus  formation.  One  of 
the  major  ones  is  the  physiochemical  theory 
which,  briefly,  is  based  upon  an  elevation  of 
the  salivary  pH  and  a  resulting  precipitation 
of  calcium  and  phosphates  onto  an  organic 
matrix  of  the  teeth.  It  is  recognized  that  the 
salivary  pH  is  of  prime  importance  in  this 
system.  Since  the  oral  health  of  Fleet  Ballis¬ 
tic  Missile  (FBM)  sailors  is  of  extreme  im¬ 
portance,6  it  seemed  desirable  to  evaluate  this 
prime  factor  in  calculus  formation — namely, 
the  pH  of  the  pooled  saliva  of  the  oral  cavity. 

MATERIALS  AND  METHODS 

Twenty-five  crew  member  volunteers  were 
selected  for  this  study  from  the  Blue  Crew  of 
the  USS  PATRICK  HENRY  (SSBN  599).  A 
salivary  specimen  was  collected  on  each  of 
six  successive  days  immediately  prior  to  pa¬ 
trol  and  again  on  the  31st  through  the  36th 
days  of  patrol  in  the  following  manner :  The 
men  were  instructed  to  swallow  all  saliva  in 
their  mouth.  They  then  bent  their  heads  for¬ 
ward  for  45  seconds  to  facilitate  the  collec¬ 
tion  of  saliva  in  the  anterior  pool.  The  ante¬ 
rior  pool  was  selected  because  of  its  supposed 
effect  on  calculus  formation.  At  the  end  of 
the  45  seconds  they  were  instructed  to  ex¬ 
pectorate  into  a  50  milliliter  beaker.  The  pH 
was  immediately  measured  with  a  Type-G 
Beckman  pH  meter,  utilizing  a  single  probe 
electrode.  It  was  found  that  if  the  pH  was 


not  immediately  measured,  the  readings  in¬ 
creased  slightly. 

The  pH  meter  was  standardized  using  buf¬ 
fer  of  6.8  and  9.0  measured  at  the  appropri¬ 
ate  temperature.  The  subjects’  samples  were 
all  measured  at  28°C. 

The  diet,  both  before  patrol  and  on  patrol, 
was  approximately  equivalent;  the  only 
known  variable  of  importance  being  the  in¬ 
creased  carbon  dioxide  (C02),  averaging  one 
percent  on  patrol. 

The  specimens  were  taken  either  in  the 
morning  or  afternoon  and  the  subjects  were 
instructed  not  to  eat  or  drink  for  at  least  one 
hour  prior  to  the  collection.  No  other  special 
restrictions  were  imposed. 

RESULTS 

Comparison  of  the  prepatrol  and  patrol 
means  of  each  individual  was  accomplished 
by  use  of  the  t-test: 

Mi  —  M2 

1  V  (S — )2  +  (S — )2 
Xi  x2 

Any  t  value  corresponding  to  a  probability 
value  of  less  than  .05  was  considered  to  be 
statistically  significant. 

Comparison  of  the  population  mean  differ¬ 
ences  (prepatrol  and  patrol)  was  accom¬ 
plished  by  use  of  the  t-test  for  paired  data, 
since  each  man  served  as  his  own  control : 


t  =  d 


It  was  found  that  the  mean  difference  was 
+  .301  ±  .032  which  is  highly  significant 
(Pc.0001). 

The  data  are  presented  in  Table  I.  It  is 
noted  first  that  the  variability  was  very  small 
as  evidenced  by  the  low  standard  deviation 
values.  With  only  six  exceptions,  there  were 
significant  increases  in  the  salivary  pH  on 
patrol  compared  with  the  prepatrol  values. 
Only  one  individual  showed  a  decrease  in  pH. 
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Table  I 


Sub  ject 

prepatrol 

Mean 

Patrol 

•Mean 

Mean  Difference 
( Patro 1 -Prepatrol ) 

Probabi 1 

1 

6.53  4  .207'’ 

6.91  ±  .M5 

♦  .38 

*♦ 

2 

6.140  ±  .2/47 

6.95  *  .096 

+.1*7 

** 

3 

6.53  ±  .*86 

7.03  ±  .175 

+.50 

** 

U 

6.1*2  ±  .233 

6.6l  ±  .067 

♦.19 

N.S. 

5 

6.60  4  .21)6 

6.85  ±  .077 

+.25 

* 

6 

6.28  ±  .«35 

6.75  ±  .181 

+.1*7 

** 

7 

6.55  *  .221 

6.93  -.112 

♦.38 

** 

a 

6.53  ±  .265 

6.97  4  .075 

♦.bb 

** 

9 

6.6b  ±  .163 

6.80  ±  .III 

♦  .16 

N.S. 

10 

6.147  t  .028 

6.65  ±  .090 

♦.18 

** 

n 

6.66  ±  .  171* 

6.91  +  .  ibo 

+.25 

* 

12 

6. 09  t  .163 

6.20  ±  .201 

♦.II 

N.S. 

13 

6.52  ±  .193 

6.88  ±  .123 

♦.36 

** 

ii* 

6.32  ±  .269 

6.63  ±  .161 

♦.31 

* 

15 

6.29  ±  .177 

6.91  ±  .110 

♦.62 

** 

16 

6.51  ±  .016 

6.88  +  .170 

♦.37 

#* 

17 

6.53  ±  .210 

7.01  ±  .021 

♦.1*8 

** 

18 

6.53  ±  .211 

6.79  ±  . 126 

♦.26 

* 

19 

6.58  ±  .219 

6.76  ±  .226 

+.18 

N.S. 

20 

6.bl4  ±  .1614 

6.60  ±  .029 

♦.16 

* 

21 

6.h3  ±  .291 

6.62  ±  .230 

♦.19 

N.S. 

22 

6.60  ±  .028 

6.8I4  ±  .130 

♦.21* 

** 

23 

6.60  ♦  .125 

6.I4O  ±  .105 

-.20 

** 

2U 

6.I4I4  ±  .0*1 

6.83  ±  .026 

** 

25 

6.59  ±  - 171* 

6.96  ±  .017 

♦.39 

** 

+Standard  deviation 

*P<Z.05 


DISCUSSION 

This  study  was  initiated  to  gather  some 
basic  information  regarding  the  oral  environ¬ 
ment.  From  this  information  we  will  make 
some  assumptions  concerning  calculus  forma¬ 
tion  and  hopefully  stimulate  more  study  in 
the  field. 

Calcium  phosphate  (CaPO-t)  is  assumed  to 
be  a  major  factor  in  calculus  formation.7  Al¬ 
though  numerous  theories  have  been  proposed 
concerning  the  mechanism,  none  of  these  ex¬ 
clusively  and  completely  explain  the  phenom¬ 
ena. 

The  present  study  is  interested  in  the 
physicochemical  theory.  As  summarized  by 
Hodge  and  Leung:8  “It  is  postulated  (a)  that 
for  each  ratio  of  calcium  and  phosphorus  in 
the  saliva  there  is  a  critical  pH  above  which 
precipitation  will  occur,  and  (b)  that  the  ele¬ 
vation  of  the  pH  of  the  secreted  saliva  above 
the  critical  level  is  brought  about  through 
the  loss  of  C02.”  Likewise,  Little,  Swan  and 
Schlueter”  in  a  study  on  remineralization  of 
dental  calculus,  showed  that  a  solution  with 
a  higher  pH  was  more  effective  in  inducing 


mineralization  than  the  same  solution  with  a 
lower  pH  for  most  common  calcium  phos¬ 
phorus  ion  products. 

Von  der  Fehr  and  Brudevold’s  work7  with 
calculus  formation  at  increased  CO2  levels 
showed  a  decrease  in  the  rate  of  formation  if 
the  CO>  content  was  held  constant  or  in¬ 
creased.  From  this  it  could  be  inferred  that 
the  submarine  atmosphere,  with  its  increased 
CO2  levels,  should  lead  to  a  decrease  in  cal¬ 
culus  formation.  However,  a  recent  study  by 
Piebenga  and  Shiller10  showed  no  significant 
change  in  the  rate  of  calculus  formation. 

Hughes11  noted  a  low  order  increase  in  pa¬ 
rotid  salivary  COo.  From  this  he  concluded 
the  body’s  compensation  to  high  ambient  C02 
does  not  result  in  a  great  change  in  parotid 
saliva  C02  content. 

The  present  study  showed  a  significant  in¬ 
crease  in  the  pH  levels  in  an  elevated  CCL 
atmosphere.  From  these  data,  one  could  as¬ 
sume  that  the  change  in  pH  is  a  result  of  the 
same  compensatory  mechanism  which  pro¬ 
duces  an  alkaline  urine12  and  is  not  due  to  a 
post  secretory  C02  loss. 

There  are  really  two  possibilities  open  to 
us  with  regard  to  the  interpretation  of  these 
pH  findings. 

1.  An  elevated  pH  of  saliva  will  result  in 
an  increased  precipitation  of  calculus;  there¬ 
fore,  an  increased  calculus  formation  rate 
should  be  expected  on  FBM  patrols. 

2.  An  elevated  pH  is  of  importance  in  cal¬ 
culus  formation  only  when  this  rise  occurs 
from  the  loss  of  C02  after  salivary  secretion. 
If  the  high  pH  values  are  the  result  of  de¬ 
creased  secretion  of  CO2,  then  there  should 
be  no  increase  in  calculus  formation  rate. 
There  may  even  be  a  decreased  rate  because 
of  the  high  ambient  C02  on  FBM  patrols. 

A  study  is  being  planned  by  this  worker 
involving  a  repeat  of  the  pH  measurements, 
a  measurement  of  the  calculus  formation  by 
the  Volpe-Manhold  method,13  and  the  collec¬ 
tion  of  whole  saliva  samples  for  chemical 
analyses.  Only  through  such  a  complete  study 
can  a  choice  be  made  between  the  above  two 
possibilities. 
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SUMMARY 

1.  Measurements  of  the  anterior  salivary 
pool  pH  on  a  Polaris  patrol  revealed  a  statis¬ 
tically  significant  increase  in  nineteen  of 
twenty-five  subjects  when  compared  to  pre¬ 
patrol  values. 

2.  The  elevated  salivary  pH  could  be  as¬ 
sumed  to  increase  the  calculus  formation 
rate.  One  prior  study  showed  no  change  in 
the  rate  of  calculus  formation.  However, 
with  a  new  and  more  sensitive  method,  small 
changes  might  be  demonstrated. 

3.  Further  studies  are  necessary  to  eluci¬ 
date  this  relationship  between  salivary  pH 
and  calculus  formation. 
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